Introduction
Humans have been making use of spider silk for thousands of years. Old cultures like the Romans used cobwebs to stop bleeding of wounds [1] , native societies like the people of the Solomon Islands still use spider silk as fishing lines for small fish [2] . Materials in use for biomedical applications have to meet a number of requirements like biocompatibility and a mild inflammatory response, biodegradability in a reasonable time and specific structural and mechanical properties. Tensile strength and elasticity of spider silk fibers render them interesting for surgical sutures and tissue engineering purposes. Its biocompatibility and sterilizability is a prerequisite for clinical application. We explored various biomedical applications for native spider silk. The purpose of this article is to give a short insight in our research and the operating range of native spider silk.
Methods
Predominantly used was the so called dragline silk of Nephila spp.. (Fig. 1a ) All animals were bred in our laboratory (Fig. 1b) . Dragline silk was collected mechanically from the animals without harming them (Fig. 2 ). To raise a matrix for tissue engineering, silk was cross woven on stainless steel frames with sizes between 0.5 x 0.5 cm and 1 x 1 cm. The silk was weaved to regular meshworks with mesh sizes between 10 and 100 µm. For in vitro generation of artificial skin frames were seeded with fibroblasts (MEF) and keratinocytes (HaCat). Keratinocyte differentiation was induced by air-liquid interface cultivation and addition of different supplements. Artificial skin was analyzed by histological techniques. For nerve regeneration silk was coiled on a rearing device. Combined with a decellularized venule the silk was transplanted in critical size defects of the tibial nerve of sheep. Nerve regeneration was analyzed by clinical analysis, electroneurography of the compound muscle action potentials and in vivo measurements of motor nerve conduction velocity in the sheep, and by histological techniques at the end of trials. Spider silk suture material was produced by a customized miniature ropemaker's tool. Morphology of laid ropes was analyzed by scanning electron microscopy, biomechanic characteristics were investigated by measurement of tensile strength with a spring balance testing. For all applications silk was sterilized by steam autoclaving. 
Results
Optimal results for creating artificial skin were achieved under supplementation with 0.4 µg/ml ascorbate-2-phosphate and 3 weeks of air-liquid interface. In histological analyses frames showed organotypic skin morphology with long shaped fibroblasts and flattend keratinocytes [3] . A spider silk guidance structure combined with a decellularised venule for growing axons allowed bridging of long distance nerve defects in N. tibialis of sheep. Our studies showed axonal outgrowth and remyelinisation by endogenous migration of Schwann cells along the spider silk guidance structure. This technique enabled recoverage of motor and sensory functions in animals. Histological analyses showed complete axonal regeneration over the whole distance of 6 cm in sheep. Remyelinisation led to a measureable improvement of the nerve conduction velocity. No inflammations or rejection of the implant were observed [5] . Investigations of morphology and biomechanics of the spider silk ropes showed that these ropes were 2.5 fold more tear-resistant than nylon -the current gold standard in peripheral neurosurgery. Also spider silk's flexibility is superior to nylon. First in vitro studies with cells from the nerve sheath displayed higher adhesion rates of cells on spider silk in contrast to various established suture materials [6] .
Discussion
Available data so far support the notion that spider silk is highly cytocompatible and displays very low immunogenicity, which makes it interesting for many biomedical applications. An approach of skin tissue engineering on a cross woven spider silk matrix resulted in a bilayered structure of epidermis and dermis when corresponding cell lines were cultured at the air-liquid interface to induce skin cell differentiation. To all analyzed time points cells were found to be vital [3] . Studies regarding critical size nerve defects showed that natural dragline silk incorporated into isogenic or decellularized veins promoted peripheral nerve regeneration. Axon regrowth and remyelinisation were achieved replacing 20 mm sciatic nerve in rats and 60 mm tibial nerve in adult sheep. The results obtained were comparable to autologous nerve transplants which is the current gold standard in clinical practice [4, 5] . Despite the fact that silk-based sutures derived from Bombyx mori cocoons have been used for over 100 years, questionable biocompatibility has led to displacement by synthetic materials including polydioxanone, polypropylene and nylon. Nevertheless, in contrast to B. mori silk, spider silk sutures which provoke a low inflammatory response are still of clinical interest due to their beneficial biodegradability and their mechanical properties. Investigations of morphology and biomechanical characteristics of the spider silk ropes showed 2.5.fold higher values for tensile strength and 1.5-fold higher values for the stressstrain-ratio than nylon -the current gold standard for nerve microsurgery [6] . Additionally, the high biocompatibility of spider silk with very low inflammation rates might contribute to better results in peripheral neurosurgery In conclusion spider silk is a biopolymer with excellent biocompatibility and fascinating mechanical properties. This natural material features a huge number of possible biomedical applications.
